Abstract. We report on polarization-resolved photoluminescence studies of diverse excitonic complexes formed in GaAs quantum wells with a high-mobility two-dimensional hole gas in magnetic fields up to 23 T. Using two-beam illumination we decrease the hole concentration beyond the point of conversion from p-to n-type structures. We have demonstrated charge conversion between positive and negative exciton complexes (both free and bound to acceptors in the well). The switch between the electron and hole gases allowed us to distinguish between the emission lines from positive trions moving almost freely in the quantum well and bound to ionized acceptors in the barrier, which indicate their coexistence in the same well.
INTRODUCTION
Two-dimensional (2D) electron gas in a quantizing perpendicular magnetic field hosts spectacular emergent phenomena exemplified by fractional quantum Hall effect, well-known to depend on both many-body interaction effects and single-particle localization. In the reported study we have focused on the coexistence of the nearly free and laterally localized radiative excitonic complexes in quantum Hall systems, the latter revealed in satellite recombination channels activated by their coupling with the surrounding nearly free carriers. In contrast to the previous related experiments involving 2D electrons we have used the valence holes whose higher effective mass turns out essential in contrasting the emission signatures from the free and localized charged excitonic complexes (trions).
EXPERIMENT AND RESULTS
We have investigated a selection of high quality 15 nm wide GaAs/Ga 0.66 Al 0.34 As quantum wells, grown by molecular beam epitaxy on a (001) semi-insulating GaAs substrate, δ-Carbon doped in both barriers. In all investigated samples, the hole mobility measured at T = 4.2 was in the range of μ = 10 5 cm 2 /Vs and the hole concentration measured in the dark varied in the range of p = (1.2 − 1.9) × 10 11 cm −2 . Photoluminescence was excited by a combination of two beams: "red" 720nm line of a titanium sapphire tunable laser and "green" 514nm line of an ion argon laser with the photon energy below and above the band gap of the barrier respectively. As was demonstrated previously [1, 2] selective photoexcitation inside and outside of the quantum well allows control of the dynamical population and even of the sign of majority carriers inside the well. The optical experiments were performed at temperatures varied in the range of T = 2.3K -30K, in the Faraday configuration, in magnetic fields up to B = 23T changed with a small step ΔB = 0.05T. The fiber optics was used. The switch between the σ -and σ + helices was achieved by reversing the direction of the field. The spectra were analyzed in a high resolution monochromator, with a Nitrogen-cooled CCD camera. In the Fig. 1 variations of the spectrum as a function of the power density of an additional green laser (decreasing 2D hole concentration), in magnetic field B = 23T in σ + polarization is presented. In Fig. 2 PL spectra from wells of different width and shapes at B = 15T are compared. Detailed analysis of the field evolution of the emission spectra detected for different concentrations or holes or electrons, with use of the realistic numerical calculations [3, 4] allowed us to interpret all detected emission lines related to the 2D gas. We divided them into two main groups.
The first group of line positioned in the high energy sector are strongly depended on the quantum well width (Fig. 2) . Among them we detected, highest in intensity, all family of trion emission in singlet X + s and triplet states (bright X + tb and dark X + td ) as well as neutral excitons (heavy X hh ≡X and light X lh holes). Below, in energy to this lines we recorded in PL spectra doublet of acceptor bound trion A w X + (Fig. 1) . Also, in this group we detect hole cyclotron replicas of almost free and bound trions (SU -X + and SU -A w X + ) related to well known "shake-up" processes [5] . We attributed all above lines to radiative recombination of the electron-hole complexes whose wave functions are located inside the quantum well and spread through its whole width. When the structure is converted from p to n type all positively charged complexes disappear from the PL spectra and are replaced by negatively charged ones: X -and A w X -. The most spectacular result is charge conversion between the positive and negative excitonic complexes bound to acceptors, different from the previously observed charge conversion of free trions (subtraction of two holes versus electronhole substitution).
The second group of lines recorded in the lower energy sector of the PL spectrum are insensitive to the width of the quantum well. We attributed them to the 
CONCLUSIONS
In two beam PL experiments performed on highmobility 15 nm wide GaAs/Ga 0.66 Al 0.34 As quantum wells we observed the coexistence of nearly free and strongly bound trions as well as the charge conversion between the positive and negative exciton complexes (both free and bound to acceptors in the well).
